of expression of such PTPs typically is dramatically downregulated during ontogeny, making these unlikely Here we show that striatal enriched tyrosine phosphatase (STEP) is a component of the N-methyl-D-asparcandidates for the PTP regulating NMDARs, which is expressed in adult neurons. One family of PTPs whose tate receptor (NMDAR) complex. Functionally, exogenous STEP depressed NMDAR single-channel activity expression level is high in the adult is the striatal enriched phosphatase (STEP) family. STEPs are brain-spein excised membrane patches. STEP also depressed NMDAR-mediated synaptic currents whereas inhibcific, nonreceptor-type PTPs that were originally identified as highly enriched within neurons of the striatum iting endogenous STEP enhanced these currents. In hippocampal slices, administering STEP into CA1 neu- 
In the right lane, the immunoprecipitation was performed using nonspecific IgG. In both (A) and (B), co-precipitation of STEP by anti-NR1 and of NR1 by anti-STEP was prevented when denaturing solubilization conditions were used, whereas the immunoprecipitation of NR1 or STEP by the corresponding antibodies was not affected (data not shown). , 1997) . To determine whether 1B). Immunoprecipitating with anti-NR1 led to co-precipitation of STEP 61 from hippocampal homogenates, STEP downregulates NMDA channel gating, we recorded NMDAR-mediated single-channel currents usand immunoprecipitation with anti-STEP co-precipitated NR1 ( Figure 1B ). From these data together, we ing inside-out patches excised from spinal cord neurons. We found that applying purified, recombinant concluded that STEP 61 and NMDAR subunit proteins associate, directly or indirectly, in vitro. Therefore, STEP to the cytoplasmic face of the patches depressed channel activity without altering single-channel conduc-STEP 61 may be a component of the NMDAR complex in situ and thus may be strategically positioned to regulate tance ( Figure 2A ). On average, P o decreased to 46% Ϯ 7.4% of that during the control period just prior to NMDAR function. In contrast, STEP did not co-precipitate with the AMPA receptor subunit GluR2 ( Figure 1C ), applying STEP and there was a reduction in t o to 71% Ϯ 7.3% of control (mean Ϯ SEM; n ϭ 5 patches). STEP indicating that STEP may interact selectively with NMDARs but not with AMPARs.
also caused marked changes in the distributions of open If the ongoing depression of NMDARs by STEP directly opposes Src then blocking this kinase is predicted to occlude the effect of exogenously administering STEP. We tested this prediction using dorsal horn neurons which were pre-treated with the Src kinase inhibitor PP2 (Hanke et al., 1996) ment was increased by including 10 mM BAPTA in the that inhibiting endogenous STEP, either with a functionblocking antibody or a dominant-inhibitory STEP mutant intracellular recording solution, administering anti-STEP had no effect on AMPAR EPSPs ( Figure 8B) . Thus, the protein, increases NMDAR currents as expected for the effects of inhibiting the endogenous PTP (Wang et al., lasting potentiation of EPSPs produced by inhibiting STEP does not occur through a direct effect on AMPA 1996; Wang and Salter, 1994). Both the depression of NMDAR currents produced by STEP and the enhancereceptors, but rather is dependent upon NMDAR activation, Src-mediated upregulation of NMDAR function, ment of NMDAR currents by inhibiting STEP require the activity of Src. Because we find that it is the 61 kDa and a rise in intracellular Ca 2ϩ . From these results together, we conclude that STEP functions as a tonic isoform of STEP that coimmunoprecipitates with NMDAR subunits, we conclude that STEP 61 is an endogbrake on synaptic transmission at Schaffer collateral-CA1 synapses by opposing Src-mediated enhancement enous PTP that regulates the function of NMDARs in opposition to Src. of NMDARs, thus governing the induction of long-term plastic changes in synaptic efficacy.
A second main conclusion from our work is that ongoing STEP-mediated depression of NMDAR activity tonically regulates synaptic efficacy in CA1 hippocampal 
